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Sir: 

1. I, James A. Williams, am sole inventor of the subject matter embodied in the 
above-identified patent application. 



2. I am the subject of the attached Curriculum Vitae and author of the 
publications shown on the list attached thereto. On the basis of the information and facts 
contained in these documents, I submit that I am an expert in the fields of molecular biology, 
biochemistry and immunology and am qualified to speak on the level of ordinary skill in 
these fields. 

3. I have read and understand the above-identified patent application, the Office 
Action from the Patent Office mailed October 15, 1998, and the references which were cited 
by the Examiner in the office action and which were authored by Thompson et a/., Binz et 
a/., Roitt, LeClerc et a/., Kleid, and Siegel. 

4. The work comprising producing the claimed vaccines which is described in the 
specification, which is the subject of Claims 10-14 and 25-28 as amended in the 



- 1 - 




PATENT 

Attorney Docket No. OPHD-02304 

"PRELIMINARY AMENDMENT AND RESPONSE TO FINAL OFFICE ACTION 
MAILED OCTOBER 15, 1998," filed herewith, and which is described in the following 
paragraphs was performed by me or under my supervision. 

5. The Examiner stated that M [t]he specification fails to provide sufficient guidance 
to enable one of ordinary skill in the art to make and use the claimed protein in a manner 
reasonably correlated with the broad scope of the claims including any number of fragments 
or portions of any size." 1 The Examiner further stated that "[o]ne of skill in the art could not 
practicably generate neutralizing antibodies offering the protection recited in the claims 
without undue experimentation." 2 

6. Any portion of Clostridium botulinum type B and type E toxins which is at 
least four (4) amino acids long and which is fused to a non-toxin protein (e.g., a polyhistidine 
sequence) may be made by one of ordinary skill in the art using the teachings of the 
specification in combination with routine molecular biological techniques and a variety of 
commercially available prokaryotic and eukaryotic vectors. For example, the pPIC3K and 
pPIC9K expression vectors (Invitrogen) may be employed for expression in the 
methylotrophic yeast, Pichia pastoris, while the pBlueBac4 transfer vector (Invitrogen) may 
be employed for expression in Spodoptera frugiperda (5/9) insect cells (baculovirus 
expression system). Equivalent baculovirus vectors and host cells are available from other 
vendors, e.g., Pharmingen, San Diego, CA. Histidine-tagged botulinal portions expressed in 
yeast or insect cells may be purified using commercially available metal chelation columns 
using the manufacturer's instructions. 

7. The mouse neutralization assay is an art accepted method for detection of 
botulinal toxins in body fluids and for the evaluation of anti-botulinal antibodies. Indeed, this 
assay was described in 1990 [E.J. Schantz and D.A. Kautter, J. Assoc. Off. Anal. Chem. 
61:96 (1990) and Investigational New Drug (BB-IND-3703) application by the Surgeon 



Office Action, page 3, first paragraph. 
Office Action, page 3, first paragraph. 
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General of the Department of the Army to the Federal Food and Drug Administration], which 
is six years prior to the filing date {i.e., August 28, 1996) of the instant application. 

Furthermore, as disclosed by the specification, I have successfully used the art- 
accepted mouse neutralization assay to determine the biological activity of portions of both 
Clostridium hotulinum type B (i.e., the C fragment of Clostridium hotulinum type B 3 ) and 
type E (i.e., the C fragment of Clostridium hotulinum type E 4 ) toxins. 

Based on the above-described experimental results, and on my knowledge of the 
relevant art, it is my opinion that the ability of a fusion protein which contains a non-toxin 
protein and any portion of Clostridium hotulinum type B and/or type E toxins, to generate 
neutralizing antibodies may be determined using the teachings of the specification in 
combination with routine steps of the art-accepted mouse neutralization assay, and that this 
assay is well within the ordinary skill in the art. 

8. The Examiner argued that the term "at least a portion of is indefinite because 
"the artisan would not necessarily know which portions would result in neutralizing 
antibodies, so the portions would not be understood by the artisan." 5 

9. The specification defines the term "portion" when in reference to a protein as a 
fragment which "may range in size from four amino acid residues to the entire amino acid 
sequence minus one amino acid." 6 Based on this definition, and my understanding of it as 
one of skill in the art, it is my opinion that the term "at least a portion of a toxin refers to 
fragments which range in size from 4 amino acids to the entire amino acid sequence of the 
toxin. 



3 A fusion protein (HistBotB) containing a polyhistidine tag and the C fragment of Clostridium botulinum 
type B toxin was made as described in Example 35 (specification, pages 227-229), and neutralizing 
antibodies to this fusion protein were generated as described in Example 36 (specification, pages 229- 
230). 

« A fusion protein (HistBotE) containing a polyhistidine tag and the C fragment of Clostridium botulinum 
type E toxin was made as described in Example 41 (specification, pages 244-246), and neutralizing 
antibodies to this fusion protein were generated as described in Example 42 (specification, pages 247- 
248). 

5 Office Action, paragraph bridging pages 3 and 4. 



6 Specification, page 19, lines 3-6. 
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10. The Examiner argued that Claims 10-14 and 25-28 were obvious under 35 
U.S.C. § 103(a) over Thompson et al. in view of Binz et al, Roitt, LeClerc et al., Kleid, and 
Siegel. 

11. The solubility of fusion proteins containing at least a portion of Clostridium 
botulinum type B and/or type E toxins was unexpected based on the prior art's teaching. 
LaPenotier et al. [LaPenotier et al. (1993) "Development of a Molecular Engineered Vaccine 
for C. Botulinum Neurotoxins, in Botulinum and tetanus Neurotoxins, B.R. DasGupta (Ed.), 
Plenum Press, New York, p. 463-466] disclosed a fusion protein of Clostridium botulinum 
type A toxin C fragment and maltose binding protein (MBP). LaPenotier et al. also disclosed 
that its fusion protein formed inclusion bodies {i.e., was insoluble). The insolubility of 
LaPenotier et a/.'s Clostridium botulinum type A toxin fusion protein suggested that other 
fusion proteins containing at least a portion of Clostridium botulinum type B and/or type E 
toxins might also be insoluble. Based on the disclosure of LaPenotier et al, it was surprising 
to find that I was able to successfully produce a soluble Clostridium botulinum type B 
toxin/polyhistidine fusion protein and a Clostridium botulinum type E toxin/polyhistidine 
fusion protein. 

12. The solubility of fusion proteins containing at least a portion of Clostridium 
botulinum type B and/or type E toxins was unexpected based on my own experimental work 
with two toxins (type A and type B toxins) derived from Clostridium botulinum. 

With respect to Clostridium botulinum type A toxin, I confirmed the insolubility of 
LaPenotier's Clostridium botulinum type A toxin C fragment/MBP fusion protein by 
observing that (a) most {i.e., about 90%) of this protein was removed by centrifugation, (b) 
long term-storage for more than 2 weeks resulted in precipitation of most of this affinity- 
purified fusion protein, and (c) the majority {i.e., 75%) of this fusion protein persisted in 
pellets even after sonication of these pellets. The insolubility of the Clostridium botulinum C 
fragment/MBP fusion protein which was disclosed in Example 24 of the specification is 
consistent with LaPenotier's statements that this fusion protein formed insoluble inclusion 
bodies. The results of my work which demonstrated the insolubility of LaPenotier et a/.'s 
Clostridium botulinum type A toxin fusion protein suggested that other fusion proteins 
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containing at least a portion of Clostridium botulinum type B and/or type E toxins would also 
be insoluble. I empirically determined the surprising solubility of the Clostridium botulinum 
C fragment type A toxin/polyhistidine fusion protein by using, among other things, a 
relatively weak promoter to drive expression of the fusion protein. 

My initial experimental observations also demonstrated the expected insolubility of 
fusion proteins which contained portions of Clostridium botulinum type B toxin. I initially 
prepared four expression vectors [pHisBotB kan laclq T71ac, pHisBotB kan T71ac, pHisBotB 
kan laclq T7, and pHisBotB amp T71ac] which encoded a fusion protein containing 
Clostridium botulinum type B toxin C fragment and a polyhistidine tag. Fermentation of the 
B121(DE3) strain of Escherichia coli containing each of the four expression vectors yielded 
only insoluble fusion protein. 7 This demonstrated that, unlike the Clostridium botulinum type 
A toxin which I was able to express in a soluble form by using a relatively weak promoter, 
the Clostridium botulinum type B toxin remained insoluble even when I used a similar 
approach (i.e., a relatively weak promoter) to drive expression of the fusion protein containing 
it. Based on the teachings of LaPenotier et ah and my initial failure to express soluble fusion 
proteins containing a portion of either type A or type B toxins, it was surprising to later find 
that I was able to successfully produce a soluble Clostridium botulinum type B toxin C 
fragment/polyhistidine fusion protein. This success was empirically arrived at through the 
simultaneous overexpression of three of the initially-used four expression vectors together 
with folding chaperones as demonstrated in the specification using the pHisBotBkan laclq 
T71ac/pACYCGro, pHisBotB kan T71ac/pACYCGro and pHisBotBkan laclq T7/ pACYCGro 
vectors. 8 I empirically determined the surprising solubility of the Clostridium botulinum type 
B toxin C fragment/polyhistidine fusion protein. Nothing in Thompson et ah, Binz et ah, 
Roitt, LeClerc et ah, Kleid, and Siegel (alone or in combination) either suggests or teaches 
this surprising solubility of the Clostridium botulinum type B toxin C fragment/polyhistidine 
fusion protein. 

With respect to Clostridium botulinum type E toxin, based on the teachings of 
LaPenotier et ah and on my above-discussed initial failure to express soluble fusion proteins 



Specification, Example 38, pages 232-234. 
Specification, Example 39, pages 235-238. 
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containing either Clostridium botulinum type A toxin C fragment/polyhistidine fusion protein 
or Clostridium botulinum type B toxin C fragment/polyhistidine fusion protein, I could not be 
sure that I would produce a soluble fusion protein containing Clostridium botulinum type E 
toxin portions and a non-toxin protein. Thus, I was surprised to find that I was able to 
successfully produce a soluble Clostridium botulinum type E toxin C fragment/polyhistidine 
fusion protein even without need to resort to the approaches {e.g., use of a relatively weak 
promoter as used for type A toxin, and use of folding chaperones as used for type B toxin), 
which I empirically determined for the other Clostridium botulinum two toxin types. For 
example, fermentation of Escherichia coli B121(DE3) strain containing each of three initially- 
prepared expression vectors [pHisBotE kan laclq T71ac, pHisBotE kan T7, and pHisBotE kan 
lacIqT7 ] which encoded a fusion protein containing Clostridium botulinum type E toxin C 
fragment and a polyhistidine tag resulted in expression of soluble histidine-tagged proteins of 
the predicted molecular weight for the type E toxin. 9 I empirically determined the surprising 
solubility of the Clostridium botulinum type E toxin C fragment/polyhistidine fusion protein. 
Nothing in Thompson et aL 9 Binz et al 9 Roitt, LeClerc et al, Kleid, and Siegel (alone or in 
combination) either suggests or teaches this surprising solubility of the Clostridium botulinum 
type E toxin/polyhistidine fusion protein. 

13. The ability of fusion proteins containing at least a portion of Clostridium 
botulinum type B and/or type E toxins to generate neutralizing antibodies was unexpected 
based on the teachings of Kleid. Kleid (which was cited by the Examiner) teaches that it is 
"not known" whether fusion proteins may successfully be used for generating neutralizing 
antibodies in view of "[s]ome problems that could be expected to occur/ 1 including, (a) "that 
the immunogenic site may not be properly exposed," (b) "the peptide sequences(s) within that 
site may not be able to form into the correct configuration," and (c) "the immunogenic site 
may require disulfide bonding to bring two distant parts of a protein or two different peptide 
chains into close proximity to form an antigenic site. 
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9 Specification, Example 44, pages 250-251. 

10 Kleid, page 29, "Summary" section. 
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14. The ability of fusion proteins containing at least a portion of Clostridium 
botulinum type B and/or type E toxins to generate neutralizing antibodies was unexpected 
based on the prior art's teaching. The art disclosed that expression of the Escherichia coli 
verotoxin 2 cell binding domain in Escherichia coli cells resulted in the production of 
antibodies that are not neutralizing [Acheson et al. (1995) "Expression and purification of 
Higa-like toxin II B subunits," Inf. Immunity 63:301-308]. This suggested that while 
antibodies may be generated against a toxin protein (e.g., the Escherichia coli verotoxin 2 cell 
binding domain), these antibodies are not necessarily neutralizing. 

15. The ability of fusion proteins containing at least a portion of Clostridium 
botulinum type B and/or type E toxins to generate neutralizing antibodies was unexpected 

based on my following experimental work which attempted to determine whether neutralizing 
antibodies were generated against toxins derived from two organisms. 

A. Antibodies raised against Staphylococcus aureus 
enterotoxin B proteins are not neutralizing 

I expressed the entire Staphylococcus aureus enterotoxin B protein in two overlapping 

fragments. One fragment contained approximately two-thirds of the N-terminal region, while 

the other fragment contained two-thirds of the C-terminal region of the enterotoxin. Both 

fragments were expressed as insoluble inclusion bodies. The inclusion bodies were 

solubilized and used to immunize chickens. Immunization resulted in generation of high titers 

of antibodies to each protein as assayed by ELISA and Western blot hybridization. The 

mouse neutralization assay was used to determine the neutralization activity of these 

antibodies against the entire native Staphylococcus aureus enterotoxin B protein. In this 

assay, antibodies against the two solubilized Staphylococcus aureus enterotoxin B fragments 

showed no neutralizing activity. These results suggested that while a solubilized insoluble 

toxin may generate antibodies, these antibodies are not necessarily neutralizing. 

B. Antibodies raised against Clostridium difficile 
toxin A fragments are not neutralizing 

Expression of the entire (80 Kd) Clostridium difficile toxin A cell binding domain in 

Escherichia coli resulted in an insoluble protein. While this protein resulted in the production 
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of high titer antibodies in chickens (as measured by ELISA and Western blot hybridization), 
these antibodies failed to neutralize the toxicity of Clostridium difficile toxin A in a hamster 
toxicity model. 

Since the Clostridium difficile binding domain contains more than 30 multiple repeats 
of a cell binding domain, I hypothesized that expression of this binding domain in two 
fragments, each containing multiple copies of the repeats, may generate neutralizing antibodies 
if the expressed fragments were soluble. However, while expression of the Clostridium 
difficile cell binding domain in two 40 Kd fragments resulted in two soluble fragments, these 
soluble proteins were unable to bind to neutralizing antibodies in a hamster toxicity model. 

These results demonstrated that regardless of whether a toxin is expressed as an 
insoluble or soluble protein which elicits antibodies, these antibodies are not necessarily 
neutralizing. 

16. It is my opinion, based on the expected problems associated with generating 
fusion proteins which are capable of generating neutralizing antibodies as warned against by 
Kleid (paragraph 13, supra), failure of the prior art to generate neutralizing antibodies as 
disclosed by Acheson et al (paragraph 14, supra), as suggested by my own experimental 
work (paragraph 15, supra), and on my knowledge of the art, that at the time the invention 
was filed (i.e., August 28, 1996) one of ordinary skill in the art would not have expected to 
generate fusion proteins which contained a non-toxin sequence and at least a portion of 
Clostridium botulinum type B and/or type E toxins and which were capable of eliciting 
neutralizing antibodies. I empirically determined the ability of each of a Clostridium 
botulinum type B toxin C fragment/polyhistidine fusion protein (HisBotB) 11 and of type E 
toxin C fragment/poly-histidine fusion protein (HisBotE) 12 to generate neutralizing antibodies. 
Nothing in Thompson et al, Binz et al, Roitt, LeClerc et al, Kleid, and Siegel (alone or in 



11 Specification, Example 36, pages 229-230. 

12 Specification, Example 42, pages 247-248. 
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combination) either suggests or teaches this unexpected ability of the HisBotB and HisBotE 
fusion proteins to generate neutralizing antibodies. 

17. The claimed fusion proteins which comprise a non-toxin protein sequence and 
at least a portion of Clostridium botulinum type B and/or type E toxins have qualitatively 
unexpected properties (including solubility and ability to generate neutralizing antibodies) 
compared to the prior art. These unexpected properties of the claimed invention are not 
suggested by Thompson et al., Binz et aL t Roitt, LeClerc et aL, Kleid, and Siegel either alone 
or in combination. I arrived at the unexpected properties of the claimed fusion proteins 
empirically, rather than on the basis of what the prior art discloses. 

The undersigned declares further that all statements made herein of his own knowledge 
are true and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false statements and 
the like so made are punishable by fine or imprisonment, or both, under § 1001 of Title 18 of 
the United States Code, and that such willful false statements may jeopardize the validity of 
the application or any patent issuing therefrom. 

Dated: ^ / Ul^jrf^ Signed:. 

^TAMES A. WILLIAMS 
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